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Clinical PerspectiveWhat Is New?This meta‐analysis aimed to offer the best evidence possible regarding secondary open aortic procedure (SOAP) after thoracic endovascular aortic aneurysm repair up to date.The majority of SOAP is represented by patients initially treated with thoracic endovascular aortic aneurysm repair for chronic type B aortic dissection.SOAP for retrograde type A aortic dissection has substantially better outcomes than primary open repair of anterograde type A dissection.In presence of infection, SOAP has an ominous prognosis.What Are the Clinical Implications?This meta‐analysis corroborates the warning, as expressed by lower‐rank evidence from institutional series in the literature, against the liberal use of thoracic endovascular aortic aneurysm repair to treat chronic type B aortic dissection.This meta‐analysis corroborates the warning, as expressed by lower‐rank evidence from institutional series in the literature, against the liberal deployment of an endovascular stent into an infected field.SOAP often involves an extensive tract of the thoraco‐abdominal aorta, with complex organ protection strategies: the necessity to guarantee the substantial human and structural resources required for these procedures demands referral to and treatment in tertiary and quaternary aortic centers of excellence.

Introduction {#jah32548-sec-0008}
============

Pathology of the aortic arch and descending thoraco‐abdominal aorta has historically been one of the most challenging entities in cardiovascular surgery. Conventional open repair of the aortic arch[1](#jah32548-bib-0001){ref-type="ref"} and the descending thoracic aorta[2](#jah32548-bib-0002){ref-type="ref"} were pioneered more than 60 years ago. Indications of open repair are well established by now,[3](#jah32548-bib-0003){ref-type="ref"}, [4](#jah32548-bib-0004){ref-type="ref"} and its outcomes have constantly improved over time with optimization of organ protection.[5](#jah32548-bib-0005){ref-type="ref"}, [6](#jah32548-bib-0006){ref-type="ref"} The dawn of thoracic endovascular aortic repair (TEVAR) was 4 decades later.[7](#jah32548-bib-0007){ref-type="ref"} Over time, endovascular repair extended its application to aortic pathology other than aneurysm (eg, dissection), and the acronym TEVAR has been adopted to conventionally indicate an endoluminal treatment of the thoracic aorta. Indications for TEVAR have been debated and molded over the past 2 decades, and its outcomes have been shown to be related to compliance with guidelines.[3](#jah32548-bib-0003){ref-type="ref"}, [4](#jah32548-bib-0004){ref-type="ref"}

One of the main drawbacks of TEVAR compared with open repair is an increased rate of secondary aortic procedures, which is reported between 11% and 15% in recent literature.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"} In some instances, the secondary intervention can be pursued again with an endoluminal approach (secondary endovascular aortic procedure), but when this is not feasible, conversion to open repair (secondary open aortic procedure, SOAP) is required.

SOAP differs from the primary open repair in terms of the following:

*Indications*---SOAP is indicated either to address native aortic pathology not resolved by TEVAR (eg, aneurysm expansion and progression), or new pathological entity as a complication of TEVAR (eg, stent migration/collapse, endoleak), or a pathological entity whose incidence is increased by TEVAR (eg, retrograde type A aortic dissection---\[RTAD\], esophageal fistula).

*Aortic segments*---SOAP encompasses either aortic segments that have been inadequately treated by TEVAR (eg, descending thoracic aorta replacement for aneurysm expansion), or segments subsequently involved in the pathologic process that TEVAR cannot address (eg, thoraco‐abdominal aorta replacement for aneurysm progression), or segments that need to be replaced as a consequence of TEVAR (eg, aortic arch replacement for type IA endoleak).

*Operative conduct*---SOAP has to be conducted taking into account anatomo‐pathologic specimens altered by the previous TEVAR (eg, suturing a compound native aorta‐stent), circulatory support modifications as a consequence of previous TEVAR (eg, organ perfusion strategies and circulatory arrest consequent to extension of repair behind the native aortic pathology), or concomitant procedures to address extraluminal complications of previous TEVAR (eg, esophageal or pulmonary resection for stent erosion).

As opposed to primary open repair, SOAP has scant reports in the literature. This is because SOAP is a relatively new procedure created by the advent of TEVAR, its incidence is lower compared with primary open repair, and centers with the necessary human expertise and structural resources necessary to perform it are few.

Our aim was to systematically review all the available information on SOAP in the literature, and to overcome the intrinsic limitations of individual series with relatively small populations. This was obtained with a quantitative analysis of the gathered data, with pooling of pre/peri/postoperative data of SOAP and meta‐analysis of its immediate and medium‐term outcomes.

Objectives {#jah32548-sec-0009}
----------

The questions being addressed in the systematic review were framed according to the PICOS (Participants, Interventions, Comparisons, Outcomes, Study design) component of Preferred Reporting Items for Systematic Reviews and Meta‐Analyses:

*Participants*---Patients (no age/sex limitation) undergoing SOAP after TEVAR because: TEVAR failed to treat index pathology, which eventually required SOAP.TEVAR causes complication necessitating SOAP.Further TEVAR cannot address pathologic process in aortic tract contiguous to stented segment.

*Interventions*---SOAP performed on: Vascular segment previously treated with TEVAR.Vascular segment adjacent to aorta previously treated with TEVAR.

*Comparisons*---not applicable

*Outcomes*---The outcomes of interest were: 1Primary:aPerioperative (in hospital or 30‐day postoperative) mortality, stroke, and paraplegia.bTwo‐year "all cause" mortality and aortic mortality.2SecondaryaPerioperative (in hospital or 30‐day postoperative) cardiac/renal/respiratory failure and re‐exploration for bleeding.bTwo‐year tertiary open aortic procedure.

*Study design*---Only original articles were considered for inclusion. No randomized controlled trials were expected, because the comparison component of PICOS is absent. To avoid selective treatment bias, and to obtain a sample population as close as possible to the general population, the following cohort studies were excluded: Series limited to a specific SOAP.Series limited to a specific TEVAR population.Series limited to a specific indication for SOAP.

Methods {#jah32548-sec-0010}
=======

Study Protocol and Eligibility Criteria {#jah32548-sec-0011}
---------------------------------------

### Study protocol {#jah32548-sec-0012}

Methodology and objectives of this analysis were specified in a study protocol, which was registered with the number 42016047593 at the International Prospective Register of Systematic Reviews in Health and Social Care (PROSPERO), developed and maintained by the Centre for Reviews and Dissemination of the University of York, United Kingdom.[10](#jah32548-bib-0010){ref-type="ref"} The systematic literature review was undertaken according to the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses guidelines.[11](#jah32548-bib-0011){ref-type="ref"} The review objectives were to investigate preoperative characteristics, intraoperative strategic conduct, and perioperative (early) and postoperative (late) outcomes of patients undergoing SOAP after failed TEVAR.

### Eligibility criteria {#jah32548-sec-0013}

The criteria followed were as follows: Inclusion criteria: our analysis included original articles describing pre/intra/peri/postoperative variables of patients undergoing SOAP. There was no date limit on publications, and no age or sex limit on patients.Clinical exclusion criteria were the following: series reporting mixed data where the variables regarding patients undergoing SOAP and secondary endovascular aortic procedure could not be distinguished, particularly with no specific and distinguishable indications for and outcomes of SOAP; series not detailing quantitatively the specified inclusion criteria; series limited to a specific subpopulation and so not contributing to derive a comprehensive "full picture" analysis of the whole SOAP population (ie, series focusing only on a specific indication for SOAP; series focusing only on a specific SOAP; series encompassing only a specific TEVAR population).Nonclinical exclusion criteria were as follows: overlapping series (only the latest publication on serial reports of a certain cohort was included); no original article (ie, review, case report, editorial).

Information Sources, Search Strategy, Study Selection, Data Collection Process, and Data Items {#jah32548-sec-0014}
----------------------------------------------------------------------------------------------

### Information source {#jah32548-sec-0015}

Multiple electronic health databases (Medline, Embase, Ovid, Cochrane Library, Google Scholar) were searched from 1994 (advent of TEVAR) to the present date during the review period (September 21, 2016 to December 31, 2016).

### Search strategy {#jah32548-sec-0016}

The databases were searched with an unrestricted search strategy, applying exploded Medical Subject Headings (MeSH) and keywords combined with the Boolean operators AND or OR to retrieve relevant reports: "failed TEVAR" (MeSH); "thoracic endovascular repair"; "TEVAR"; "open reintervention"; "open conversion" (MeSH); "endovascular aneurysm repair"; "open aortic surgery" (MeSH); "TEVAR complication"; "retrograde type A dissection"; "endoleak"; "aneurysm progression"; "aortic stent infection"; "aortic stent migration"; "aortic stent collapse"; "TEVAR secondary intervention." A second‐level search included a manual screen of the reference lists of the articles identified through the electronic search.

### Study selection {#jah32548-sec-0017}

Eligibility assessment was performed independently in an unblinded standardized manner by 2 reviewers (I.G. and C.S.); disagreements between reviewers were resolved by majority consensus with a third reviewer (M.G.).

### Data collection process {#jah32548-sec-0018}

Data retrieved from the primary sources were entered into a spreadsheet, which was pilot‐tested in 3 randomly selected articles and refined accordingly. One author extracted the data from the included studies (I.G.) and a second author checked the extracted information (C.S.). Disagreements were resolved by discussion with a third author (M.G.). Data were identified in published material only.

Some authors did not report follow‐up data in a fashion suited for our statistical analysis purposes, as stated in the "O" component of PICOS and specified in the prospectively registered protocol. In some instances the information was present but sparse in a narrative form throughout the text (describing morbidity and mortality of individual patients over time, sometimes in a fragmented fashion between the sections "[Results](#jah32548-sec-0029){ref-type="sec"}" and "[Discussion](#jah32548-sec-0056){ref-type="sec"}"), rather than extrapolated and explicitly stated in an alphanumeric fashion (eg, in a table): in those cases we retrieved the necessary information by methodically reading the text narrative about each patient reported and so deriving the outcome of interest at 2‐year follow‐up. In other instances, when even text narrative was not helpful, we contacted the relevant institution and asked the following questions: (1) What is the number of "all‐cause death" events at 2‐year follow‐up in the surgical survivors (ie, operative mortality excluded)? (2) What is the number of "aortic deaths" events at 2‐year follow‐up in the surgical survivors (ie, operative mortality excluded)? (3) What is the number of "tertiary aortic operations" events at 2‐year follow‐up? (4) What is the number of patients lost to follow‐up? If there were patients lost to follow‐up, we asked to try to recontact them and fill out the missing data. When this was not achievable, we excluded those data.

### Data items (with definitions and abbreviations) {#jah32548-sec-0019}

The extracted information was divided into 7 categories: Series details: first author; year of publication; journal; study period; number of SOAP.Preoperative variables: age; male sex; elapsed time TEVAR‐SOAP; nonelective cases; comorbidities.Pathology at index TEVAR: degenerative aneurysm; dissection, total; type A dissection, total; acute type A dissection; chronic type A dissection; type B dissection, total; acute type B dissection; chronic type B dissection; coarctation; transection; pseudoaneurysm; perforating aortic ulcer; miscellanea, total (coarctation+transection+pseudoaneurysm+ perforating aortic ulcer); infection (fistula+mycotic aneurysm), total; fistula; mycotic aneurysm.SOAP indication: retrograde type A aortic dissection (RTAD); unstable aneurysm, total (aneurysm expansion+progression+rupture); aneurysm expansion; aneurysm progression, aneurysm rupture; endoleak, total (endoleak I+III); endoleak I; endoleak III; infection, total (infected stent+fistula); infected stent; fistula; miscellanea, total (sum of the following SOAP indications); aortic regurgitation; stent migration; wall perforation; stent collapse; recurrent coarctation; pseudoaneurysm; major branch occlusion; stent thrombosis; stent maldeployment.Intraoperative variables: proximal segment, total; aortic valve; ascending aorta; middle segment, total; proximal hemi‐arch; total arch; total arch+elephant trunk; total arch+frozen elephant trunk; distal hemi‐arch; distal thoracic segment, total; proximal cerclage; distal cerclage; proximal+distal cerclage; descending thoracic segment; thoraco‐abdominal segment; middle+distal thoracic segment, total; distal hemi‐arch+distal thoracic; total arch+descending thoracic; abdominal segment; hybrid, total; proximal debranching; distal debranching; extra‐anatomical; cardiac additional procedure, total; aortic valve; mitral valve; coronary artery bypass grafting; noncardiac additional procedure, total; pulmonary plasty/resection; esophageal plasty/resection; sternotomy, thoracotomy/spiral (thoraco‐phreno‐laparotomy); sternotomy+thoracotomy; sternotomy+laparotomy; clamshell; laparotomy; circulatory support, total; cardiopulmonary bypass no circulatory arrest; cardiopulmonary bypass+circulatory arrest (CA); left heart bypass.Operative variables (within the same admission of or 30 days after SOAP): mortality; multiorgan failure; cardiac failure; respiratory failure; abdominal ischemia; exsanguination; morbidity, total; stroke; cardiac morbidity; renal morbidity; respiratory morbidity; permanent spinal cord injury; recurrent laryngeal nerve paralysis; chylothorax; fistula; aortic infection; nonfatal bleeding. Exsanguination included operative hemorrhage that was fatal either directly, or indirectly consequent to massive blood transfusion leading to fatal end‐organ failure.[12](#jah32548-bib-0012){ref-type="ref"}Adverse events at 2‐year follow‐up: overall (from any cause) mortality; aortic (exclusively related to aortic adverse event) mortality; tertiary open aortic procedure.

Risk of Bias Assessment {#jah32548-sec-0020}
-----------------------

Selective treatment bias was excluded a priori, since series limited to only a specific type of SOAP, a specific type of TEVAR population, or a specific indication for SOAP were not included in the analysis. Methods of assessment of publication bias are described in the Data Synthesis section below.

The methodological quality of observational cohort studies was assessed with the Newcastle‐Ottawa scale.[13](#jah32548-bib-0013){ref-type="ref"} Using the tool, each study was judged on 8 items, categorized into 3 groups: the selection of the study groups; the comparability of the groups; and the ascertainment of outcome of interest. Stars awarded for each quality item served as a quick visual assessment. Stars were awarded such that the highest quality studies were awarded up to 9 stars. Furthermore, the system developed by the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) working group was used for grading the quality of evidence as high, moderate, low, and very low, based on within‐study risk of bias, directness of evidence, heterogeneity, precision of effects estimates, and risk of population bias.[14](#jah32548-bib-0014){ref-type="ref"} The risk of bias assessment of the selected studies was performed by 2 authors (I.G. and C.S.).

Data Synthesis {#jah32548-sec-0021}
--------------

### Summary measures {#jah32548-sec-0022}

Pooled variables were reported as the mean and 95% confidence interval (CI).

### Methods of analysis {#jah32548-sec-0023}

A preoperative profile and intraoperative treatment conduct of the total SOAP population were obtained by data pooling of category 1 to 5 variables of subpopulations from the included series using simple descriptive statistics. Early and late outcomes of SOAP were obtained by meta‐analyzing data from category 6 to 7 variables of the subpopulations from the included series. The pooled proportion was calculated as the back transformation of the weighted mean of the transformed proportions. We anticipated considerable clinical between‐study heterogeneity and therefore, we applied the random effects model proposed by DerSimonian and Laird.[15](#jah32548-bib-0015){ref-type="ref"} The unit of analysis was the individual patient.

### Assessment of heterogeneity {#jah32548-sec-0024}

Interstudy heterogeneity was initially assessed visually using the forest plots. Furthermore, we examined heterogeneity with the combination of the Cochran\'s Q (χ^2^) test and the I^2^ statistic. *P*\<0.05 was considered significant for heterogeneity.[16](#jah32548-bib-0016){ref-type="ref"} Moreover, we considered I^2^ values \<50% as indicative of low heterogeneity, I^2^ values between 50% and 75% as indicative of moderate heterogeneity, and I^2^ values \>75% as indicative of significant heterogeneity.

### Assessment of reporting bias {#jah32548-sec-0025}

We constructed funnel plots and evaluated their symmetry to visually assess publication bias, as long as a sufficient number of studies (\>10) was available. Furthermore, we calculated the Egger\'s regression intercept to formally assess reporting bias in our review.[17](#jah32548-bib-0017){ref-type="ref"}

### Sensitivity analysis {#jah32548-sec-0026}

Heterogeneity and robustness of pooled proportions were explored by conducting sensitivity analyses. Specifically, we undertook sensitivity analyses to assess the contribution of risk of bias.

### Subgroup analysis {#jah32548-sec-0027}

Variables from the 4 categories "pathology at index TEVAR," "indication for SOAP," "aortic segment & procedure," and "cause of death" were specifically extrapolated for each patient who had early death after SOAP.

"Done to Dead" ratios (DDR) for each of the 4 categories were calculated as follows: denominator=number of SOAPs performed on all patients with a specific variable/numerator=number of patients with the same variable who had early death post‐SOAP.

### Statistical software {#jah32548-sec-0028}

We used the Comprehensive Meta‐Analysis (CMA) software (Biostat, Englewood, NJ).

Results {#jah32548-sec-0029}
=======

Study Selection {#jah32548-sec-0030}
---------------

A total of 201 studies were identified according to the search strategy specified above. This initial pool was screened for clinical exclusion criteria, and the following number of articles was accordingly eliminated: 143 for absence of SOAP; 25 for selective indication for SOAP; 2 for selective TEVAR population; 1 for no distinction SOAP/secondary endovascular aortic procedure; 1 for no SOAP outcomes.

The remaining pool of 29 articles was screened for nonclinical exclusion criteria, and the following number of articles was accordingly eliminated: 2 for overlapping series, 12 for no original article. A flowchart of the literature search and selection process is available in Figure [1](#jah32548-fig-0001){ref-type="fig"}. Finally, the 15 articles listed in Table [1](#jah32548-tbl-0001){ref-type="table-wrap"} were deemed suitable to be included in our qualitative and quantitative analysis.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [21](#jah32548-bib-0021){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"}

![Flowchart of literature search and selection process. SEAP indicates secondary endovascular aortic procedure; SOAP, secondary open aortic procedure; TEVAR, thoracic endovascular aortic repair.](JAH3-6-e006618-g001){#jah32548-fig-0001}

###### 

Details of the Series Included in the Final Synopsis and Meta‐Analysis

  Series Included in Synopsis and Meta‐Analysis                                                                                                                    
  ------------------------------------------------------ ------------ ------- ------------ -------------------------------------------- -------------- ----------- ---------------------
  Canaud[18](#jah32548-bib-0018){ref-type="ref"}         2013         EJVES   2002--2012   12[\*](#jah32548-note-0003){ref-type="fn"}   Mono‐center    SOAP        Internal
  Dumfarth[19](#jah32548-bib-0019){ref-type="ref"}       2011         ATS     1996--2010   21                                           Bi‐center      SOAP        Internal
  Ehrlich[20](#jah32548-bib-0020){ref-type="ref"}        2008         JTCVS   1996--2004   16                                           Multi‐center   SOAP        Internal
  Geisbüsch[21](#jah32548-bib-0021){ref-type="ref"}      2011         JVS     1997--2010   25[†](#jah32548-note-0003){ref-type="fn"}    Mono‐center    SOAP+SEAP   Internal
  Girdauskas[22](#jah32548-bib-0022){ref-type="ref"}     2008         JTCVS   2002--2007   14                                           Mono‐center    SOAP        Internal
  Grabenwoger[23](#jah32548-bib-0023){ref-type="ref"}    2004         EJCTS   1996--2003   4                                            Mono‐center    SOAP        Internal
  Langer[24](#jah32548-bib-0024){ref-type="ref"}         2008         JVS     2001--2007   8                                            Bi‐center      SOAP        Internal & External
  LeMaire[25](#jah32548-bib-0025){ref-type="ref"}        2012         ATS     1996--2011   35                                           Mono‐center    SOAP        Internal & External
  Mellissano[26](#jah32548-bib-0026){ref-type="ref"}     2016         JCVS    1999--2015   30                                           Mono‐center    SOAP        Internal
  Miyahara[27](#jah32548-bib-0027){ref-type="ref"}       2014         ATS     2000--2012   16                                           Mono‐center    SOAP+SEAP   Internal & External
  Nozdrzykowski[8](#jah32548-bib-0008){ref-type="ref"}   2016         EJCTS   2002--2013   25                                           Mono‐center    SOAP+SEAP   Internal
  Roselli[28](#jah32548-bib-0028){ref-type="ref"}        2014         ATS     2001--2012   50                                           Mono‐center    SOAP        Internal & External
  Scali[29](#jah32548-bib-0029){ref-type="ref"}          2014         JVS     2004--2011   48[†](#jah32548-note-0003){ref-type="fn"}    Mono‐center    SOAP+SEAP   Internal
  Szeto[9](#jah32548-bib-0009){ref-type="ref"}           2013         JTCVS   2000--2012   20                                           Mono‐center    SOAP+SEAP   Internal
  Zipfel[30](#jah32548-bib-0030){ref-type="ref"}         2007         ATS     1999--2005   6[‡](#jah32548-note-0003){ref-type="fn"}     Mono‐center    SOAP+SEAP   Internal & External
  Total                                                  2004--2016   ···     1996--2015   330                                          ···            ···         ···

ATS indicates Annals of Thoracic Surgery; EJCTS, European Journal of Cardio‐thoracic Surgery; EJVES, European Journal of Vascular and Endovascular Surgery; JCVS, Journal of Cardiovascular Surgery; JTCVS, Journal of Thoracic and Cardiovascular Surgery; JVS, Journal of Vascular Surgery; SEAP, secondary endovascular aortic procedure; SOAP, secondary open aortic procedure; TEVAR, thoracic endovascular aortic repair.

Specifications: \*two patients were excluded for absence of actual SOAP (aortobronchial fistulas treated primarily with TEVAR, wrapping of the stent, and pulmonary resection); ^†^the categories "open" and "hybrid" repair post TEVAR in these series were grouped together as SOAP; ^‡^one patient was excluded for absence of stent deployment before open procedure.

Study Characteristics {#jah32548-sec-0031}
---------------------

All of the 15 articles finally selected for qualitative and quantitative synthesis were retrospective studies. The series were published between 2004 and 2016, reporting on SOAP performed between 1996 and 2015. The number of SOAP performed in each series ranged from 4 to 50, and the total number of SOAP reported by all of the series as a whole was 330. Because of absence of SOAP, 2 patients from Canaud\'s series (aortobrochial fistulas treated primarily with TEVAR, wrapping of the stent, and pulmonary resection), and 1 patient from Zipfel\'s series (open procedure performed in absence of deployed TEVAR) were excluded. The categories of "open repair" and "hybrid repair" in the series of Geisbusch and Scali were grouped together as SOAP. The reported series were multi‐institutional in 1 article (Ehrlich), bi‐institutional in 2 articles (Dumfarth), and mono‐institutional in the remaining 12 articles. The number of series focusing only on SOAP was 9, whereas 6 series presented mixed but distinguishable variables for SOAP and secondary endovascular aortic procedure. The TEVAR source was internal (SOAP following TEVAR performed at the same institution) in 10 series, and mixed (SOAP following TEVAR performed at the same or other institution) in 5 series. A summary of the studies' characteristics is detailed in Table [1](#jah32548-tbl-0001){ref-type="table-wrap"}. The total Newcastle‐Ottawa quality score for each of the included cohort studies reached the highest score possible (range between 5 and 6 stars), considering that the section of comparability was not applicable. The methodological quality of all included studies is depicted in Figure [2](#jah32548-fig-0002){ref-type="fig"}.

![Methodological quality assessment of the series selected for qualitative and quantitative analysis with Newcastle‐Ottawa scoring system.](JAH3-6-e006618-g002){#jah32548-fig-0002}

Preoperative Variables {#jah32548-sec-0032}
----------------------

### Clinical characteristics {#jah32548-sec-0033}

Adequate data on this variable were available from 11 studies, including 212 patients[18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} (Table [2](#jah32548-tbl-0002){ref-type="table-wrap"}). Patients were on average in their sixth decade of life (62.13, 51.7--77.0 years), and were of male sex in 61.3% of cases (95% CI, 0.541--0.680). This population had a significant comorbidity burden. The vast majority of patients were hypertensive (71.3%, 95% CI, 60.5--80.0), and half of them either were current (37.5%, 95% CI, 28.5--47.5) or past (21.9%, 95% CI, 14.8--31.1) smokers. About one third of the population had significant cardiac (35.4%, 95% CI, 26.6--45.4) and/or respiratory (30.2%, 95% CI, 21.9--40.0) and/or vascular (30.0%, 95% CI, 21.1--40.8) morbidity. SOAP was performed with a mean elapsed time of almost 2 years (20.14, 0.3--61.5 months) from TEVAR, and in a nonelective setting in 34.6% of patients (95% CI, 27.7--42.2). Mean follow‐up was slightly over 2 years (26.08, 10.5--50 months).

###### 

Preoperative Variables of Patients Undergoing SOAP Post TEVAR

  Preoperative Variables                                                                                                      
  ------------------------ ---------------------- --------------------------- ---------------------- ------------------------ ----------------------
  Age, y                   62.13 (51.7--77.0)     Degenerative aneurysm       0.343 (0.282--0.410)   Endoleak, total          0.397 (0.346--0.451)
  Male sex, n              0.613 (0.541--0.680)   Type A dissection, Total    0.010 (0.003--0.035)   Endoleak I               0.394 (0.334--0.458)
  Elapsed time, mo         20.14 (0.3--61.5)      Acute Type A dissection     0.005 (0.001--0.027)   Endoleak III             0.004 (0.001--0.024)
  Nonelective, n           0.346 (0.277--0.422)   Chronic Type A dissection   0.005 (0.001--0.027)   Unstable aneurysm        0.212 (0.171--0.259)
  Diabetes mellitus        0.100 (0.052--0.185)   Type B dissection, total    0.512 (0.444--0.579)   Aneurysm expansion       0.029 (0.015--0.055)
  Hypertension             0.713 (0.605--0.800)   Acute Type B dissection     0.166 (0.116--0.232)   Aneurysm progression     0.150 (0.113--0.197)
  Cardiac                  0.354 (0.266--0.454)   Chronic Type B dissection   0.312 (0.245--0.388)   Aneurysm rupture         0.021 (0.010--0.046)
  Cerebrovascular          0.113 (0.060--0.200)   Infection, total            0.039 (0.020--0.074)   Infection, total         0.179 (0.141--0.224)
  Respiratory              0.302 (0.219--0.400)   Fistula                     0.024 (0.010--0.055)   Infected stent           0.077 (0.052--0.112)
  Renal                    0.163 (0.098--0.258)   Mycotic aneurysm            0.005 (0.001--0.027)   Fistula                  0.090 (0.063--0.128)
  Peripheral arterial      0.300 (0.211--0.408)   Miscellanea, total          0.092 (0.060--0.139)   RTAD                     0.161 (0.125--0.204)
  Smoking                  0.375 (0.285--0.475)   Coarctation                 0.005 (0.001--0.027)   Miscellanea              0.046 (0.028--0.074)
  Ex‐smoking               0.219 (0.148--0.311)   Transection                 0.044 (0.023--0.081)   Aortic regurgitation     0.006 (0.002--0.022)
                                                  Pseudoaneurysm              0.019 (0.008--0.049)   Migration                0.003 (0.001--0.017)
                                                  Perforation aortic ulcer    0.024 (0.010--0.055)   Perforation, wall        0.003 (0.001--0.017)
                                                                                                     Collapse, stent          0.015 (0.007--0.035)
                                                                                                     Recurrent coarctation    0.003 (0.001--0.017)
                                                                                                     Pseudoaneurysm           0.009 (0.003--0.026)
                                                                                                     Major branch occlusion   0.000 (0.000--0.012)
                                                                                                     Stent thrombosis         0.003 (0.001--0.017)
                                                                                                     Stent maldeployment      0.003 (0.001--0.017)

Specifications: Elapsed time, time elapsed between TEVAR and SOAP; unstable aneurysm, sum of the 3 variables below it; infection, total, sum of the 2 variables below it; miscellanea, sum of the remaining variables below it. All variables are expressed as "pooled estimates (95% confidence interval)", except age and elapsed time, which are expressed as "overall mean (means' range)." RTAD indicates retrograde type A aortic dissection; SOAP, secondary open aortic procedure; TEVAR, thoracic endovascular aortic repair.

### Pathology at index TEVAR {#jah32548-sec-0034}

Adequate data on this variable were available from 11 studies, including 207 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} These data are expressed alphanumerically in Table [2](#jah32548-tbl-0002){ref-type="table-wrap"} and graphically in Figure [3](#jah32548-fig-0003){ref-type="fig"}. Dissection was the most common pathology at index TEVAR, in patients who subsequently required SOAP. Whereas the contribution of type A dissection was negligible (1.0%, 95% CI, 0.3--3.5), type B aortic dissection was the original pathology in more than half of patients who subsequently needed TEVAR (51.2%, 95% CI, 44.4--57.9). In the series providing specifications about the subgroup of type B dissection, chronic (31.2%, 95% CI, 24.5--38.8) was more problematic compared with acute dissection (16.6%, 95% CI, 11.6--23.2). Degenerative aneurysm was the second most common aortic pathology at the time of TEVAR: it affected about one third of patients who subsequently needed SOAP (34.3%, 95% CI, 28.2--41.0). A stent was deployed in a known infected field in a small but not negligible portion of TEVARs (3.95, 95% CI, 2.0--7.4), sometimes in the presence of a fistulous tract to the aerodigestive tract (2.4%, 95% CI, 1.0--5.5). A miscellanea of other pathologies participated in a minority of cases (9.2%, 95% CI, 6.0--13.9), the most frequent being transection in this group (4.4%, 95% CI, 2.3--8.1).

![Graphic overview: the upper half of the figure depicts a cone histogram distribution of the pathologic entities at index TEVAR, in patients who subsequently underwent SOAP. In‐depth graphic: the lower half of the figure depicts pie chart proportions of the subsets composing the pathologic entities of dissection, infective, and noninfective miscellanea. Miscellanea indicates every pathologic entity that is not aneurysm or dissection. PAU, Penetrating Aortic Ulcer; SOAP, secondary open aortic procedure; TEVAR, thoracic endovascular aortic repair.](JAH3-6-e006618-g003){#jah32548-fig-0003}

### Indications for SOAP {#jah32548-sec-0035}

Adequate data on this variable were available from all of the 15 studies, including 330 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [21](#jah32548-bib-0021){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} These data are expressed alphanumerically in Table [2](#jah32548-tbl-0002){ref-type="table-wrap"} and graphically in Figure [4](#jah32548-fig-0004){ref-type="fig"}. The most common indication for SOAP was endoleak (39.7%, 95% CI, 34.6--45.1), which were all type IA with the exception of a single type III. The second most common indication was unstable aneurysm (21.2%, 95% CI, 17.1--25.9), with the main contribution given by aneurysmal progression (15.0%, 95% CI, 11.3--19.7) rather than expansion or rupture. The third most common indication was infection (17.9%, 95% CI, 14.1--22.4), which was complicated by a fistula in about half of cases (9.0%, 95% CI, 6.3--12.8). The fourth most common indication was RTAD (16.1%, 95% CI, 12.5--20.4). A miscellanea of other indications accounted for a small portion of patients (4.6%, 95% CI, 2.8--7.4).

![Graphic overview: the left half of the figure depicts a cone histogram distribution of the indications for SOAP. In depth graphic: the right half of the figure represents pie chart proportions of the subsets composing the category "unstable aneurysm." Expansion indicates further aneurysmal degeneration of segment previously stented; progression, aneurysmal degeneration of segments adjacent to previously stented segment; RTAD, retrograde type A dissection; rupture, rupture of previously stented segment; SOAP, secondary open aortic procedure.](JAH3-6-e006618-g004){#jah32548-fig-0004}

Intraoperative Variables {#jah32548-sec-0036}
------------------------

Adequate data on this variable were available from all of the 15 studies, including 330 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [21](#jah32548-bib-0021){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} These data are expressed alphanumerically in Table [3](#jah32548-tbl-0003){ref-type="table-wrap"}; a graphic representation of the distributions of aortic procedures and circulatory support is provided in Figure [5](#jah32548-fig-0005){ref-type="fig"}.

###### 

Intraoperative Variables of Patients Undergoing Secondary Open Aortic Procedure Post Thoracic Endovascular Repair

  Intraoperative Variables                                                                                    
  --------------------------------------------- ---------------------- -------------------------------------- ----------------------
  Proximal thoracic segment, total              0.021 (0.010--0.043)   Hybrid, total                          0.064 (0.042--0.095)
  Aortic valve                                  0.006 (0.002--0.022)   Proximal debranching                   0.007 (0.002--0.024)
  Root                                          0.006 (0.002--0.022)   Distal debranching                     0.016 (0.007--0.038)
  Ascending                                     0.009 (0.003--0.026)   Extra‐anatomical bypass                0.018 (0.008--0.039)
  Middle thoracic segment, total                0.252 (0.208--0.301)   Cardiac concomitant procedure, total   0.000 (0.000--0.016)
  Proximal hemiarch                             0.046 (0.028--0.074)   Aortic valve                           0.036 (0.021--0.063)
  Total arch                                    0.173 (0.136--0.217)   Mitral valve                           0.000 (0.000--0.016)
  Total arch+elephant trunk                     0.009 (0.003--0.026)   Coronary bypass grafting               0.030 (0.017--0.055)
  Total arch+frozen elephant trunk              0.003 (0.001--0.017)   Noncardiac concomitant, total          0.046 (0.028--0.076)
  Distal hemiarch                               0.021 (0.010--0.043)   Pulmonary plasty/resection             0.020 (0.009--0.042)
  Distal thoracic (±abdominal) segment, total   0.512 (0.458--0.566)   Esophageal plasty/resection            0.026 (0.013--0.051)
  Proximal cerclage                             0.006 (0.002--0.022)   Approach                               
  Distal cerclage                               0.018 (0.008--0.039)   Sternotomy                             0.282 (0.235--0.335)
  Proximal+distal cerclage                      0.006 (0.002--0.022)   Thoracotomy/spiral                     0.666 (0.611--0.716)
  Descending thoracic                           0.203 (0.162--0.253)   Sternotomy+thoracotomy                 0.012 (0.004--0.034)
  Thoraco‐abdominal                             0.270 (0.223--0.323)   Sternotomy+laparotomy                  0.004 (0.001--0.022)
  Middle+distal thoracic segment, total         0.064 (0.042--0.095)   Clamshell                              0.004 (0.001--0.022)
  Distal hemiarch+descending thoracic           0.052 (0.032--0.081)   Laparotomy                             0.033 (0.018--0.059)
  Total arch+descending thoracic                0.012 (0.005--0.031)   Circulatory support, total             0.795 (0.723--0.851)
  Abdominal segment                             0.030 (0.017--0.055)   CPB no circulatory arrest              0.245 (0.183--0.319)
                                                                       CPB+circulatory arrest                 0.427 (0.365--0.492)
                                                                       Left heart bypass                      0.261 (0.198--0.336)

The extra‐anatomical bypasses were composed of the following: 1 distal arch to abdominal aorta bypass, 1 ascending to abdominal aorta bypass, 1 middle arch to descending thoracic bypass, 2 arch and visceral debranchings followed by stent extirpation, 1 ascending aorta to left carotid bypass. Specifications and acronyms: CPB indicates cardiopulmonary bypass; spiral, thoraco‐phreno‐laparotomy. All variables are expressed as "pooled estimates (95% confidence interval)."

![The upper half of the figure depicts a pie graph distribution of the aortic segments and procedures in patients undergoing SOAP. The lower half of the figure provides a cone histogram distribution of the circulatory support required on the left, and pie graph proportions of the types of such circulatory support on the right. AAA indicates abdominal aortic aneurysm; CA, circulatory arrest; CPB, cardiopulmonary bypass; DTA, descending thoracic aneurysm; LHB, left heart bypass; SOAP, secondary open aortic procedure; TAAA, thoraco‐abdominal aortic aneurysm.](JAH3-6-e006618-g005){#jah32548-fig-0005}

### Aortic segments and procedures {#jah32548-sec-0037}

More than half of patients were operated on the distal thoracic or thoraco‐abdominal segment (51.2%, 95% CI, 45.8--56.6). About one fourth of patients were operated on the middle thoracic segment (25.2%, 95% CI, 20.8--30.1). The third most common open approach was a more extensive operation involving the middle and distal thoracic segments (6.4%, 95% CI, 4.2--9.5). The hybrid approach was equally frequent, with the number of distal debranching (1.6%, 95% 0.7--3.8) being double the one of proximal debranching (0.7%, 95% CI, 0.2--2.4). The fourth most common segment treated by an open approach was the abdominal aorta (3.0%, 95% CI, 1.7--5.5), followed by the ascending aorta (2.1%, 95% CI, 1.0--4.3). Extra‐anatomical bypass was rare (1.8%, 95% CI, 0.8--3.9), and it was composed of 1 distal arch to abdominal aorta bypass, 1 ascending to abdominal aorta bypass, 1 middle arch to descending thoracic bypass, 2 arch and visceral debranchings followed by stent extirpation, and 1 ascending aorta to left carotid bypass. Cardiac additional procedures were almost equally divided between coronary artery bypass grafting (3.0%, 95% CI, 1.7%--5.5) and aortic valve surgery (3.6%, 95% CI, 2.1%--6.3). The frequency of noncardiac additional procedures was not negligible (4.6%, 95% CI, 2.8%--7.6), because of the necessity of addressing fistulas with plasty/resection of esophagus or bronchi at an almost equal rate.

### Incision {#jah32548-sec-0038}

Two thirds of the population required thoracotomy or thoraco‐phreno‐laparotomy (66.6%, 95% CI, 61.1--71.6), whereas sternotomy was the second most common incision (28.2%, 95% CI, 23.5--33.5). Of the other types of incisions accounting for the minority of the remaining patients, laparotomy was the most common (3.3%, 95% CI, 1.8--5.9).

### Circulatory support {#jah32548-sec-0039}

Total or partial circulatory support was required in the vast majority of cases (79.5%, 95% CI, 72.3--85.1). Circulatory arrest was deemed necessary during full cardiopulmonary bypass in a substantial amount of cases (42.7%, 95% CI, 36.5--49.2%). Partial circulatory support was required in the form of left heart bypass in more than one fourth of cases (26.1%, 95% CI, 19.8--33.6).

Operative Outcomes {#jah32548-sec-0040}
------------------

### Mortality {#jah32548-sec-0041}

Data on this variable were available for 14 studies, including 305 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 10.6% (95% CI, 7.4--14.9). The pooled estimate likely reflects the true rate, since heterogeneity (I^2^=0%, *P*=0.795) and publication bias (*P*=0.298) were nonsignificant (Figure [6](#jah32548-fig-0006){ref-type="fig"}). The most common cause of death was multiorgan failure (7.3%, 95% CI, 3.9--13.0), followed by exsanguination (5.8%, 95% CI, 2.9--11.4) (Table [4](#jah32548-tbl-0004){ref-type="table-wrap"}).

![Operative mortality (in hospital or 30 days) in patients undergoing secondary open aortic procedure after thoracic endovascular aortic repair. Data on this variable were available for 14 studies, including 305 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"}, [20](#jah32548-bib-0020){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} The upper half of the figure represents the forest plot of the meta‐analyzed data. The lower half of the figure represents the funnel plot for the assessment of publication bias. CI indicates confidence interval.](JAH3-6-e006618-g006){#jah32548-fig-0006}

###### 

Meta‐Analysis of Early (in‐Hospital or 30‐Day) and 2‐Year Adverse Events in Patients Undergoing Secondary Open Aortic Procedure After Thoracic Endovascular Aortic Repair

  Meta‐Analysis of Adverse Events   
  --------------------------------- ----------------------
  Operative mortality               
  Available patients: 305           
  Operative death                   0.106 (0.074--0.149)
  Cause of death                    
  Multi‐organ failure               0.073 (0.039--0.130)
  Exsanguination                    0.058 (0.029--0.114)
  Cardiac failure                   0.038 (0.016--0.084)
  Mesenteric ischemia               0.038 (0.016--0.089)
  Operative morbidity               
  Available patients: 268           
  Stroke                            0.051 (0.028--0.091)
  Respiratory                       0.190 (0.126--0.276)
  Cardiac                           0.057 (0.029--0.111)
  Renal                             0.158 (0.117--0.211)
  Paraplegia                        0.083 (0.052--0.131)
  RLN paralysis                     0.053 (0.021--0.131)
  Chylothorax                       0.031 (0.014--0.065)
  Fistula                           0.031 (0.014--0.066)
  Aortic infection                  0.031 (0.014--0.066)
  Exploration for bleeding          0.050 (0.022--0.112)
  Two‐year outcomes                 
  All‐cause death (174 patients)    0.204 (0.115--0.335)
  Aortic death (158 patients)       0.077 (0.043--0.134)
  TOAP (144 patients)               0.074 (0.040--0.132)

Variables are expressed as "pooled estimates (95% confidence interval)." RLN, Recurrent Laryngeal Nerve; TOAP, tertiary open aortic procedure.

### Stroke {#jah32548-sec-0042}

Data on this variable were available from 12 studies, involving 268 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 5.1% (95% CI, 2.8--9.1). The pooled estimate should reflect the true rate, since heterogeneity (I^2^=0%, *P*=0.854) and publication bias (*P*=0.103) were nonsignificant (Figure [7](#jah32548-fig-0007){ref-type="fig"}).

![Operative stroke (in hospital or in 30 days) in patients undergoing secondary open aortic procedure after thoracic endovascular aortic repair. Data on this variable were available from 12 studies, involving 268 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} The upper half of the figure represents the forest plot of the meta‐analyzed data. The lower half of the figure represents the funnel plot for the assessment of publication bias.](JAH3-6-e006618-g007){#jah32548-fig-0007}

### Paraplegia {#jah32548-sec-0043}

Data on this variable were available from 12 studies, involving 268 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 8.3% (95% CI, 5.2--13.1). Heterogeneity was nonsignificant (I^2^=0%, *P*=0.497), whereas publication bias was significant (*P*=0.001) (Figure [8](#jah32548-fig-0008){ref-type="fig"}).

![Operative paraplegia (in hospital or in 30 days) in patients undergoing secondary open aortic procedure after thoracic endovascular aortic repair. Data on this variable were available from 12 studies, involving 268 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} The upper half of the figure represents the forest plot of the meta‐analyzed data. The lower half of the figure represents the funnel plot for the assessment of publication bias.](JAH3-6-e006618-g008){#jah32548-fig-0008}

### End‐organ morbidity {#jah32548-sec-0044}

Data on this variable were available from 12 studies, involving 268 patients.[8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [18](#jah32548-bib-0018){ref-type="ref"}, [22](#jah32548-bib-0022){ref-type="ref"}, [23](#jah32548-bib-0023){ref-type="ref"}, [24](#jah32548-bib-0024){ref-type="ref"}, [25](#jah32548-bib-0025){ref-type="ref"}, [26](#jah32548-bib-0026){ref-type="ref"}, [27](#jah32548-bib-0027){ref-type="ref"}, [28](#jah32548-bib-0028){ref-type="ref"}, [29](#jah32548-bib-0029){ref-type="ref"}, [30](#jah32548-bib-0030){ref-type="ref"} Proportional meta‐analysis showed a pooled rate for cardiac morbidity of 5.7% (95% CI, 2.9--11.1%) (heterogeneity: *P*=0.228, I^2^=22%; publication bias: *P*=0.001), for respiratory morbidity of 19.0% (95% CI, 12.6--27.6) (heterogeneity: *P*=0.049, I^2^=44%; publication bias: *P*=0.006), and for renal morbidity of 15.8% (95% CI, 11.7--21.1) (heterogeneity: *P*=0.516, I^2^=0%; publication bias: *P*=0.005) (Table [4](#jah32548-tbl-0004){ref-type="table-wrap"}).

### Exploration for bleeding {#jah32548-sec-0045}

Data on this outcome were available from 12 studies, involving 283 patients.[18](#jah32548-bib-0018){ref-type="ref"}, [19](#jah32548-bib-0019){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 5% (95% CI, 2.2--11.2) (heterogeneity: *P*=0.662, I^2^=0%; publication bias: *P*=0.019) (Table [4](#jah32548-tbl-0004){ref-type="table-wrap"}).

Outcomes at 2‐Year Follow‐Up {#jah32548-sec-0046}
----------------------------

### Overall mortality {#jah32548-sec-0047}

Data on this variable were available from 7 studies, involving 174 patients.[2](#jah32548-bib-0002){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [10](#jah32548-bib-0010){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 20.4% (95% CI, 11.5--33.5) (Figure [9](#jah32548-fig-0009){ref-type="fig"} and Table [4](#jah32548-tbl-0004){ref-type="table-wrap"}). Heterogeneity was significant (I^2^=53%, *P*=0.047).

![Adverse outcomes at 2‐year follow‐up of secondary open aortic procedure after thoracic endovascular aneurysm repair. Data on overall mortality were available from 7 studies involving 174 patients,[2](#jah32548-bib-0002){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [10](#jah32548-bib-0010){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"} and their meta‐analytic results are depicted in the top forrest plot. Data on aortic mortality were available from 6 studies involving 158 patients,[2](#jah32548-bib-0002){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"} and their meta‐analytic results are depicted in the middle forest plot. Data on tertiary aortic open procedure were available from 6 series involving 144 patients,[2](#jah32548-bib-0002){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [10](#jah32548-bib-0010){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"} and its meta‐analytic results are depicted in the bottom forest plot.](JAH3-6-e006618-g009){#jah32548-fig-0009}

### Aortic mortality {#jah32548-sec-0048}

Data on this variable were available from 6 studies, involving 158 patients.[2](#jah32548-bib-0002){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 7.7% (95% CI, 4.3--13.3) (Figure [9](#jah32548-fig-0009){ref-type="fig"} and Table [4](#jah32548-tbl-0004){ref-type="table-wrap"}). Heterogeneity was nonsignificant (I^2^=0%, *P*=0.807).

### Tertiary aortic open procedure {#jah32548-sec-0049}

Data on this variable were available from 6 series, involving 144 patients.[2](#jah32548-bib-0002){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [10](#jah32548-bib-0010){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"} Proportional meta‐analysis showed a pooled rate of 7.4% (95% CI, 4.0--13.2) (Figure [9](#jah32548-fig-0009){ref-type="fig"} and Table [4](#jah32548-tbl-0004){ref-type="table-wrap"}). Heterogeneity was nonsignificant (I^2^=0%, *P*=0.918).

Sensitivity Analysis {#jah32548-sec-0050}
--------------------

Results of the sensitivity analysis are reported in Table [S1](#jah32548-sup-0001){ref-type="supplementary-material"}. Sensitivity analysis was repeated after excluding studies of lower methodological quality (ie, with a Newcastle‐Ottawa score \<6). The latter studies did not provide data regarding some outcomes for the primary analysis, so the pooled effect estimates remained unchanged (Table [S1](#jah32548-sup-0001){ref-type="supplementary-material"}).

Subanalysis: Patterns in Early Mortality {#jah32548-sec-0051}
----------------------------------------

Adequate data on this variable were available from 8 studies, including 161 patients.[1](#jah32548-bib-0001){ref-type="ref"}, [2](#jah32548-bib-0002){ref-type="ref"}, [3](#jah32548-bib-0003){ref-type="ref"}, [4](#jah32548-bib-0004){ref-type="ref"}, [5](#jah32548-bib-0005){ref-type="ref"}, [6](#jah32548-bib-0006){ref-type="ref"}, [7](#jah32548-bib-0007){ref-type="ref"}, [8](#jah32548-bib-0008){ref-type="ref"}, [9](#jah32548-bib-0009){ref-type="ref"}, [10](#jah32548-bib-0010){ref-type="ref"}, [11](#jah32548-bib-0011){ref-type="ref"}, [12](#jah32548-bib-0012){ref-type="ref"}, [13](#jah32548-bib-0013){ref-type="ref"}, [14](#jah32548-bib-0014){ref-type="ref"}, [15](#jah32548-bib-0015){ref-type="ref"} These data are expressed alphanumerically in Table [5](#jah32548-tbl-0005){ref-type="table-wrap"} and graphically in Figure [10](#jah32548-fig-0010){ref-type="fig"}.

###### 

Subanalysis of Early Mortalities in Patients Undergone SOAP After TEVAR

  Subanalysis of Early Mortalities                                    
  ---------------------------------- ------------------- ---- ------- ------
  Pathology at index TEVAR           Aneurysm            71   6       8.45
  Dissection                         108                 1    0.92    
  Fistula                            5                   2    40      
  Transection                        9                   3    33.33   
  SOAP indication                    Unstable aneurysm   70   1       1.42
  Endoleak                           93                  2    2.15    
  Infection, total                   59                  6    10.16   
  Infected stent                     23                  2    8.69    
  Fistula                            27                  4    14.8    
  RTAD                               53                  2    3.77    
  Migration                          1                   1    100     
  Collapse                           5                   1    20      
  Target segment                     Middle thoracic     83   4       4.81
  Distal thoracic                    169                 7    4.14    
  Middle+distal thoracic             21                  1    4.76    
  Extra‐anatomical bypass            6                   2    33.33   
  Concomitant esophageal             8                   3    37.5    

Variables are expressed as absolute numbers (done=census of patients with a certain variable who underwent SOAP; dead=census of the patients with the same variable who died during the operative period) and their ratio (DD=done to dead). RTAD indicates retrograde type A aortic dissection; SOAP, secondary open aortic procedure; TEVAR, thoracic endovascular aortic repair.

![Subanalysis of patients who had early death (ie, in hospital or 30‐day mortality) after secondary open aortic procedure (SOAP) post thoracic endovascular aortic repair (TEVAR). The subanalysis focused on TEVAR indication (left graph), SOAP indication (middle graph), and SOAP procedure (right graph). Color code: the number in the blue portion of the columns expresses the census of patients with a certain variable; the number in the orange portion of the columns expresses the census of the same patients who had early death; the percentage along the green lines expresses the ratio of the 2 previous numbers (done to dead ratio, DDR). DTA indicates descending thoracic aorta; RTAD, retrograde type A dissection; TAAA, thoraco‐abdominal aortic aneurysm.](JAH3-6-e006618-g010){#jah32548-fig-0010}

### Pathology at index TEVAR {#jah32548-sec-0052}

The deadliest pathology at index TEVAR was fistula (DDR 40%), closely followed by transection (DDR 33.33%). SOAP for degenerative aneurysm had a slightly lower mortality than the population average (DDR 8.45%). Finally, chronic type B dissection had a very low mortality when treated with SOAP (DDR 0.94%).

### SOAP indication {#jah32548-sec-0053}

Stent collapse was the deadliest indication for SOAP (DDR 20%). Infection was the second most deadly indication (DDR 10.16%), especially when accompanied by fistula (14.8%). RTAD had a low mortality compared with the average of the whole population (DDR 3.77).

### Target segment {#jah32548-sec-0054}

Extra‐anatomical bypass was the deadliest SOAP performed (DDR 33.33%). There was no significant difference in mortality when SOAP was performed either on the arch (DDR 4/83, 4.81%), the descending thoracic aorta (DDR 7/169, 4.14%), or a combination of both (DDR 1/21, 4.76%). Mortality increased substantially when a concomitant esophageal procedure was added (37.5%). There were no deaths among SOAP performed on either the proximal aortic segment or the abdominal segments.

### Cause of death {#jah32548-sec-0055}

The most common cause of death was multiorgan failure (50%). Exsanguination was the second most common cause of death (35.71%), directly or indirectly when massive transfusion requirements led to fatal end‐organ failure. One case of mesenteric ischemia and 1 case of acute cardiac failure accounted for the remaining deaths.

Discussion {#jah32548-sec-0056}
==========

Summary of Evidence {#jah32548-sec-0057}
-------------------

### Data availability and preoperative considerations {#jah32548-sec-0058}

The body of evidence regarding SOAP in the literature is represented mainly by institutional series of small--medium size, and our meta‐analysis aimed to overcome some of their intrinsic limitations. Most series report on SOAP performed on patients who underwent TEVAR both at the same and in another institution. Consequently, this body of evidence analyzes the numerator represented by SOAP, but not the denominator represented by the whole population of patients who underwent TEVAR.

The population undergoing SOAP is relatively young (mean age 62.13 years) and there is no sex skewing (49.69% male). Surgeons usually face SOAP within 2 years (20.14 months) from index TEVAR, and in one third of cases (34.6%, 95% CI, 27.7--42.2) perform it in a nonelective setting.

### Impact of aortic pathology on SOAP {#jah32548-sec-0059}

#### Dissection and SOAP {#jah32548-sec-0060}

Dissection is not the prevalent pathology at index TEVAR in the literature,[31](#jah32548-bib-0031){ref-type="ref"} but it becomes the most prevalent in the portion of patients who subsequently require SOAP. Indeed, type B dissection was the underlying original pathology in more than half of patients who underwent SOAP (51.2%, 95% CI, 44.4--57.9), and in this group chronic dissection (31.2%, 95% CI, 24.5--38.8) was 2 times more problematic than acute dissection (16.6%, 95% CI, 11.6--23.2). This finding confirms what has already been observed in the literature: the presence of a thick indurated intimal flap often prevents full stent expansion and so effective exclusion of the false lumen. The latter circumstance is a potential recipe leading to SOAP (eg, type I endoleak with or without aneurysm expansion, perfusion of the false lumen, migration).[32](#jah32548-bib-0032){ref-type="ref"} One interesting point emerging from our analysis is that type B dissection is at the same time the most numerous and the least deadly SOAP subgroup. Consequently, even if dissection is the most troublesome indication for TEVAR in terms of primary success, secondary open repair can be attained with the lowest mortality among the whole SOAP population. The latter finding echoes the results of primary open repair in the literature, which are far superior when the etiology is chronic dissection rather than degenerative aneurysm. This consideration should firmly discourage liberal stenting of chronic dissections, which could be treated by primary open repair with both a lower mortality compared with degenerative aneurysm, and a low rate of reintervention that is a key feature in these patients (on average a decade younger than the ones with degenerative aneurysm).[6](#jah32548-bib-0006){ref-type="ref"}

One fourth of patients (26%) do not survive open repair of acute type A dissection according to the International Registry of Acute Aortic dissection,[33](#jah32548-bib-0033){ref-type="ref"} whereas SOAP for RTAD was performed with low mortality (3.77%) in our pooled population. We could speculate that 3 factors may contribute to the substantially lower mortality of RTAD compared with primary type A dissection. First, a pre‐existing stent distal to the ascending aorta could prevent the increase in mortality caused by postoperative cerebral (odds ratio 2.18, 95% CI, 1.45--3.24, *P*\<0.001) and visceral (odds ratio 3.24, 95% CI, 1.94--5.35, *P*\<0.001) malperfusion.[34](#jah32548-bib-0034){ref-type="ref"} Second, a proportion of RTADs may develop chronically, eliminating the mortality of type A dissection related to the acute setting. Third, most of these patients are operated on in aortic centers of excellence, likely because the above postulated less acute presentation allows secondary referral because of the complexity of the cases.

#### Infection and SOAP {#jah32548-sec-0061}

Aortic infection was an ominous condition regarding SOAP, with an operative mortality of 10.16% in this subgroup. This figure was graver when the infection was so severe as to be associated with a fistulous communication with the aerodigestive tract, and the longer the fistula was present the higher the operative mortality was: 14.8% when the fistula developed at the time of SOAP, and 40% when the fistula was already diagnosed at the time of TEVAR. Accordingly, operative mortality was 37.5% when SOAP included a concomitant esophageal procedure. Consequently, deploying a stent into an infective field should be highly discouraged, and especially in the presence of fistula the only sensible use of TEVAR should be as a bridge to open repair when clinically indicated.

#### Degenerative aneurysm and SOAP {#jah32548-sec-0062}

As pathology at index TEVAR, degenerative aneurysm was substantially less frequent (34.3% versus 52.2%) but almost 10 times more deadly (8.45% versus 0.92%) than dissection in patients who underwent SOAP. Regarding indication for SOAP, aneurysm progression was 5 times more frequent than aneurysm expansion (15% versus 2.9%). This means that the most frequent reason why TEVAR fails to effectively treat aneurysmal pathology is not suboptimal exclusion of the aneurysmal sac. It is rather its inadequacy to address a more extensive pathology, which requires further treatment encompassing various aortic segments over time. This reflects the lack of a reliable and reproducible endovascular solution, to treat extensive aortic pathology involving the epiaortic and visceral tracts.[35](#jah32548-bib-0035){ref-type="ref"}, [36](#jah32548-bib-0036){ref-type="ref"}

### Operative considerations {#jah32548-sec-0063}

#### Aortic segments and procedures {#jah32548-sec-0064}

Although most TEVARs are limited to the descending thoracic aorta,[37](#jah32548-bib-0037){ref-type="ref"} our analysis shows that when they fail the required SOAP remains confined to the same segment only in one fifth of cases (20.3%). Indeed, an extension of the operative field to either the aortic arch proximally or the thoraco‐abdominal aorta distally is necessary in 58.6% of cases (aortic arch 25.2%, thoraco‐abdominal aorta 27%, aortic arch+descending aorta 6.4%) (Table [3](#jah32548-tbl-0003){ref-type="table-wrap"}). The subgroup of patients undergoing extra‐anatomical bypass had the highest mortality (33.33%). This is likely a reflection of the fact that extra‐anatomical bypass is often the only option left when all the iterations of conventional repair are not pursuable, and this is reflective of the gravity of the situation.

#### Circulatory support {#jah32548-sec-0065}

Involvement of such aortic segments explains the frequent necessity of circulatory support, which was required in 79.5% of cases. A complete form of circulatory support with cardiopulmonary bypass was used in two thirds of patients (67.2%), with the adjunct of circulatory arrest in 42.7% of patients. A partial form of circulatory support with left heart bypass was required in one fourth (26.1%) of patients.

### Early and medium‐term outcomes {#jah32548-sec-0066}

SOAP is a high‐risk procedure, as witnessed by its 10.6% early mortality rate. This is likely a reliable figure, since heterogeneity and publication bias were nonsignificant. The price of frequent necessity to extend the operative field bi‐directionally to arch and thoraco‐abdominal segment is paid with a high incidence of permanent neurological injury, which includes involvement of either the brain (5.1%) or the spinal cord (8.3%).

Of the patients who survived the immediate postoperative period, one fifth (20.4%) did not survive past the 2‐year landmark. The high heterogeneity of this figure (I^2^=53%, *P*=0.047) is likely a reflection of variable accuracy in the follow‐up processes, rather than of variability in surgical risk among subpopulations. Indeed, if the latter was true, the heterogeneity of early mortality would have likely been significant as well. Combining pre‐ and postdischarge mortality, one third of (31%) patients did not survive at 2 years post‐SOAP.

One sixth of patients had further significant aortic complications at 2‐year follow‐up, which led either to tertiary aortic open procedure (7.4%) or aortic death (7.7%) homogeneously across the series (Figure [11](#jah32548-fig-0011){ref-type="fig"}).

![The histograms in the left upper third of the figure represent the rates of early (ie, in hospital or 30‐day) mortality, stroke, and paraplegia after secondary open aortic procedure (SOAP). The histograms in the right upper third of the figure represent the rates of all‐cause death, aortic death, and tertiary open aortic procedure (TOAP) in the survivors of SOAP at 2‐year follow‐up (FU). The lower third of the figure represents the proportion of patients who are dead at 2‐year FU post‐SOAP, summing up pre‐ and postdischarge mortality.](JAH3-6-e006618-g011){#jah32548-fig-0011}

Limitations {#jah32548-sec-0067}
-----------

One intrinsic limitation of our quantitative analysis lies in its material: retrospective cohort studies from institutional databases. Corresponding strengths were a rigorous methodology, ensured by a prospectively registered protocol and Preferred Reporting Items for Systematic Reviews and Meta‐Analyses standards, and a high quality of the retrospective studies included as indicated by Newcastle‐Ottawa assessment. Another limitation could be the potential reporting bias, which for some outcomes is indicated by the statistical analysis. On the other hand, an acknowledged strength is that the majority of included studies report clinically relevant outcomes. Consequently, it should be appropriate to state that this is the best evidence possible to date, since realistically no prospective randomized studies are foreseeable because of the nature of the condition investigated.

Conclusion {#jah32548-sec-0068}
==========

SOAP often extends behind the boundaries of the previously stented aortic segment. Frequent involvement of the arch and thoraco‐abdominal tracts requires complex circulatory support and organ protection strategies, which aim to mitigate the substantial encephalo‐spinal morbidity. Regardless, aortic dissection is the underlying pathology in the majority of SOAPs, and operative mortality is the lowest in this subgroup. Aortic infection and extra‐anatomical bypass carry the most ominous prognosis for SOAP. Multiorgan failure and exsanguination are the main contributors to postoperative mortality. Mortality at 2‐year follow‐up is substantial, driven also by a non‐negligible rate of adverse aortic events (ie, aortic death or tertiary aortic open procedure) in the midterm.
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**Table S1.** Sensitivity Analysis of the Included Series
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Click here for additional data file.
